Brain development is most rapid during the fetal period and the first years of life. This process can be affected by many in utero factors, such as chemical exposures and maternal health characteristics. The goal of this review is twofold: to review the most recent findings on the effects of these prenatal factors on the developing brain and to qualitatively assess how those factors were generally reported in studies on infants up to 2 years of age. To capture the latest findings in the field, we searched articles from PubMed 2012 onward with search terms referring to magnetic resonance imaging (MRI), brain development, and infancy. We identified 19 MRI studies focusing on the effects of prenatal environment and summarized them to highlight the recent advances in the field. We assessed population descriptions in a representative sample of 67 studies and conclude that prenatal factors that have been shown to affect brain metrics are not generally reported comprehensively. Based on our findings, we propose some improvements for population descriptions to account for plausible confounders and in time enable reliable metaanalyses to be performed. This could help the pediatric neuroimaging field move toward more reliable identification of biomarkers for developmental outcomes and to better decipher the nuances of normal and abnormal brain development.
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| Early brain development
The brain grows and develops most rapidly during the fetal period and the first years of life. Total brain volume measured 2-4 weeks after birth is approximately 36% of that of an average adult brain. The brain increases in size by 101% during the first year and by another 15% during the second year, reaching over 80% of adult brain volume (Knickmeyer et al., 2008) . During this rapid development, multiple interacting mechanisms such as myelination of white matter (WM) and functional specialization of brain areas are happening simultaneously (Dubois, Kulikova, Poupon, & Hu, 2014) . This delicate process can be affected by several external factors already present during the in utero period. The prenatal factors that may significantly affect early brain development include two major categories: (1) chemical exposures in utero, and (2) maternal health characteristics.
| Chemical exposures in utero
Prenatal drug exposure is a relatively common problem that causes long-lasting developmental disturbances. In year 2015, based on the National Survey on Drug Use and Health, in the United States, 9.3% of pregnant women used alcohol, 13.9% tobacco products, and 4.7% illicit drugs (SAMHSA, 2016) . Illicit drugs are here defined as all drugs of abuse except alcohol, nicotine products, and prescription drugs used for medical purposes, and we will use this definition throughout this article. Alcohol is one of the prenatal chemical exposures known to have long-lasting effects on brain development, including smaller total brain volume, smaller gray matter (GM) volumes in basal ganglia, frontal, and parietal lobes, as well as size changes in the hippocampus and caudate nucleus (Donald, Eastman, et al., 2015) . Nicotine causes hypoxia and disrupts neurotransmission (Slotkin, 1998) , leading to lowered birth weight (Janisse, Bailey, Ager, & Sokol, 2014) . Furthermore, prenatal maternal smoking is associated with an increased risk of sudden infant death syndrome (Anderson, Johnson, & Batal, 2005) .
Moreover, illicit drugs such as marijuana, cocaine, and narcotics can hinder fetal development (Janisse et al., 2014) , whereas perhaps less attention has been paid to the effects of pharmaceutical drug use during pregnancy. Of note, many neuroimaging studies concerning the effects of prenatal drug exposure have been done in later childhood or adolescence, and as these findings are heavily affected by postnatal factors, they are not reviewed here.
| Maternal health characteristics
Multiple maternal health issues can affect in utero brain development.
For example, prenatal maternal depression is a common problem.
Untreated prenatal depression is associated with preterm birth, neonatal complications, and behavioral problems in the offspring (Waters, Hay, Simmonds, & van Goozen, 2014; Yonkers et al., 2009) . Similarly, children of parents with anxiety disorders have an increased risk of anxiety disorders (Turner, Beidel, & Costello, 1987) . However, antidepressants may also lead to alterations in brain structure ) and functional organization (Salzwedel, Grewen, Goldman, & Gao, 2016) , although the long-term consequences of these changes are still unknown. Separating the effects of pharmaceutical use from socioeconomic factors and psychiatric symptoms is a major challenge in these exposure studies.
Besides maternal mental health status, maternal obesity is also recognized as a potential cause for offspring adverse neurodevelopmental outcomes. For example, a recent study on 5-to 7-year-olds found a negative association between maternal body mass index (BMI) and offspring's cognitive performance (Basatemur et al., 2013) .
In addition to maternal obesity, other proinflammatory states (Graham et al., 2018) and even noninflammatory states (Tingi, Syed, Kyriacou, Mastorakos, & Kyriacou, 2016) as well as many still unknown factors may affect fetal neurodevelopment.
| Purpose of this review
In this structured review, we cover a wide variety of studies from recent years, with a primary focus on prenatal factors that may affect early brain development. In addition, we examine a representative set of studies on up to 2 years old healthy term born infants to assess how well these prenatal influences have been considered as confounding factors in studies where they were not the main focus. This review will highlight the importance of the fetal period on early brain development, complementing a recent review on gene-environment interactions in similar studies (Gao et al., 2018) .
| LITERATURE SEARCH
We focused on studies that used magnetic resonance imaging (MRI) techniques to assess brain development in healthy term born infants up to 2 years of age. To identify relevant articles, we conducted a PubMed search using the following terms: ("Magnetic Resonance Imaging" [Mesh] OR MR imaging* OR MRI OR fMRI OR DTI OR "diffusion tensor imaging") AND ("Brain/growth and development"
[Mesh] OR brain growth* OR brain developm*) AND ("Infant" [Mesh] OR infant* OR toddler* OR neonat* OR newborn*). To keep the search comprehensive, no search term referred to the prenatal time, in utero environment, or maternal characteristics. This was important as we were also interested in how these factors were reported in other MRI studies on healthy term born infants. The only filter used was the time of publication which ranged from January 1, 2012 to March 31, 2018, the search being performed on April 1, 2018. We chose to review the most recent findings in hope to capture a methodologically comparable set of studies.
Our search resulted in 905 articles. In the screening phase, our major goal was to exclude all studies outside the set age range and/or involving "abnormally" developing participants, that is, with congenital disease or malformation, prematurely born (preterm), or low birth weight (LBW) infants. We considered the latter two categories abnor- . We went through titles and abstracts for initial screening.
Subsequently, we identified 193 potentially relevant articles. The other 712 were excluded as presented in Figure 1 . During screening, if a publication met more than one of our exclusion criteria it was excluded based on the highest priority criterion they met. In case an exclusion criterion was clear from the title, we did not search the abstract for a higher priority criterion. Exclusion criteria are presented in detail in the Supporting Information Material. Exclusion criteria at this phase in descending order of priority were:
1. Publication was a duplicate of another publication found in this search.
2. Publication was not written in English.
3. Publication was a review article.
4. Subjects were nonhuman animals. Studies were also excluded if both humans and other animals were studied.
5. The study focused on preterm (born before 37 weeks gestational age [GA]) or LBW (birth weight <2,500 g) subjects of any age.
6. The study focused on the effects of a certain disease or treatment.
7. Living 0-to 2-year-olds were not MRI scanned in the study.
About 193 articles passed the screening process. To identify the appropriate studies, we did assessment for eligibility using full articles.
In addition to excluding the studies where participants were not healthy term born infants up to 2 years of age, we also excluded studies where the examination of brain development between 0 and 2 years of age was peripheral due to the main focus being on a new method or on a population with a wider age range. This was done to maintain focus on the effects of prenatal factors on early brain development. The assessment for eligibility consisted of three steps (these steps are presented in more detail in Supporting Information Material):
1. We implemented all the same criteria we did in the screening phase.
2. We excluded methodological articles regarding either creation, comparison, or optimization of scanning sequences, analysis pipelines, statistics, atlases, or practicalities of the pediatric MRI imaging procedure.
3. We excluded articles where the age of the participants extended beyond the 2-year timepoint or conversely to the fetal period.
We identified 19 studies that focused on infants with a certain in utero chemical exposure or infants of mothers with certain characteristics. We summarized these 19 articles to show how the prenatal factors they examined may affect early neurodevelopment and to therefore provide basis for why these factors should be reported in all pediatric neuroimaging studies.
On a complementary approach, we performed a population description analysis (PDA) among the articles identified during the literature search. In addition to the aforementioned 19 articles, we found 48 articles that focused on other aspects of early brain development. Altogether 67 articles were used in the PDA, where we examined how the reviewed prenatal factors were generally reported in MRI studies on infants up to 2 years of age. In the PDA, we went through both the articles and their supplementary materials to gather the information on participant characteristics.
We aimed at covering a wide variety of studies both qualitatively and thematically to get a sample that represents the infant/pediatric neuroimaging field. To minimize selection bias, we selected studies using predefined search terms and exclusion criteria. Therefore, we decided to conduct a structured review. We concluded that this approach was sufficient to describe the current trends in population descriptions. Of note, we considered performing systematic review, but soon discovered that it is not feasible due to small amount of studies on a single prenatal exposure. While some articles relevant to prenatal effects of the environment might have been left out of the sample, findings from studies outside our search are discussed where appropriate. For the purposes of the PDA, we believe this is a representative sample of the research done during the chosen period and can be used to accurately describe current trends in the infant neuroimaging field.
| EFFECTS OF PRENATAL EXPOSURES ON THE INFANT BRAIN
| Overview of the studies on prenatal exposures
We identified 19 articles addressing the effects of prenatal environment on infant brain structure and function (summarized in Table 1 , FIGURE 1 Flow diagram outlining the study selection process (Continues) Age at scan is presented as postnatal age: mean (standard deviation), unless otherwise stated. SD = standard deviation; CTL = control group; M/To = prenatal exposure to methamphetamine and tobacco; To = prenatal exposure to tobacco; PCE = prenatal cocaine exposure; NCOC = exposure to similar drugs as PCE group but without cocaine; SSRI = selective serotonin reuptake inhibitor; Dep = history of maternal depression but no prenatal exposure to antidepressants; CM+ = maternal exposure to childhood maltreatment; CM− = no maternal exposure to childhood maltreatment; NW = normal-weight; SES = socio-economic status; DTI = diffusion tensor imaging; rs-fMRI = resting-state functional magnetic resonance imaging (MRI); dMRI = diffusion MRI; CT = cortical thickness; GM = gray matter; WM = white matter; CSF = cerebrospinal fluid; FA = fractional anisotropy; SNP = single nucleotide polymorphism; COMT = catechol-O-methyltransferase; IL-6 = interleukin 6. Study design is labeled as cross-sectional or longitudinal based on the number of scan timepoints, not
other (e.g., behavioral) measurement timepoints.
presented in more detail in Supporting Information Material). These studies were expectedly most often done during the first few weeks of life (the baseline scans were performed within the first six weeks of life in all 19 studies) to best isolate the effects of prenatal environment. Many chemical and maternal factors were found to affect brain structure at this early age, while the number of studies per topic is still quite small. In the following, we synthesize the results from the reviewed studies and discuss viable future directions.
| Alcohol as a prenatal exposure
Prenatal alcohol exposure (PAE) has previously received little attention in brain imaging of children under 5 years of age (Donald, Eastman, et al., 2015) ; however; in the last few years some studies have addressed this topic. A 2016 study by found that PAE was associated with reduced overall GM volumes, most notably in bilateral amygdalae, left hippocampus, and left thalamus at 3 weeks of age and with slightly delayed socio-emotional development compared with control infants at 6 months of age. The findings of lower total GM volume are consistent with results on older children, which suggests that they are pervasive (Archibald et al., 2001; Nardelli, Lebel, Rasmussen, Andrew, & Beaulieu, 2011) . Structurally, PAE has also been linked to decreased corpus callosum area (Jacobson et al., 2017) . Diffusion tensor imaging (DTI) studies on the topic have found lowered axial diffusivity (AD) values in PAE infants (Donald, Roos, et al., 2015; Taylor et al., 2015) . Additionally, a recent neonatal functional MRI (fMRI) study (Donald, Ipser, et al., 2016) found increased connectivity in somatosensory, motor, brainstem, thalamic, and striatal intrinsic networks at 2-4 weeks of age. Findings in both structural and functional imaging studies strengthen the notion that PAE affects the developing brain. However, discovering the practical meaning of these findings requires follow-up studies and measurements of neurobehavioral correlates.
| Tobacco and drugs of abuse as prenatal exposures
One study by Knickmeyer et al. (2016) found marginal associations between maternal smoking and reduced GM, WM, and intracranial volumes (ICV). Changes in GM volumes were mediated by birth weight, which is not surprising considering that the effects of smoking primarily owe to growth restriction from hypoxemia (Lambers & Clark, 1996; Slotkin, 1998) . However, WM and intracranial volumes were not mediated by birth weight, suggesting another mechanism not related to overall growth restriction.
Studies with repeated scans are especially informative, partly because some of the observed structural changes may disappear, even if the functional effects of the exposure remain. One such study by Chang et al. (2016) examined the effects of prenatal methamphetamine and tobacco exposures, performing repeated scans during the first 6 months of life. Sex-dependent variations in fractional anisotropy (FA) and diffusivity values were seen widely in the corona radiata. In addition, the infants with exposure to both methamphetamine and tobacco showed delayed sensorimotor development during first the weeks of life. Most of the changes reversed by 3 to 4 months of age, which is intriguing considering that prenatal cigarette smoking exposure has been reported to lead to undesirable outcomes in later life (Müller et al., 2013; Weissman, Warner, Wickramaratne, & Kandel, 1999) . This finding stresses the importance of longitudinal studies linking early structural changes to possible future outcomes.
Apart from nicotine and alcohol, other drugs of abuse seem to have detrimental effects on the developing brain-often reported as decreased brain volumes or altered functional maturation (Grant, Petroff, Isoherranen, Stella, & Burbacher, 2017; Sirnes et al., 2017 Sirnes et al., , 2018 .
Furthermore, most prenatal drug exposures are associated with reduced birth height and weight (Janisse et al., 2014) . Drug use is rarely limited to one substance. This methodological challenge is partly overcome by including a control group with similar drug exposure to the main group but without the drug of interest (Grewen et al., 2014; Salzwedel et al., 2016) . Moreover, treatments for drug dependency disorders likely have neurodevelopmental outcomes that are still poorly understood, and finding optimal treatments also with regard to fetal development is of crucial importance (Minozzi, Amato, Bellisario, Ferri, & Davoli, 2013; Monnelly et al., 2018) . Furthermore, pharmacotherapy during delivery and pregnancy may cause adverse effects to the fetus (Monnelly et al., 2018; Spann et al., 2015) and should be examined more thoroughly in the future.
| Depression and pharmacotherapy with selective serotonin reuptake inhibitors (SSRI) as prenatal exposures
Depression is a common and strongly familial disorder (Weissman et al., 2016) . Two recent studies by Wang et al. (2018) cohort. These studies bring up two very interesting points. Firstly, the direction of the interaction effect between prenatal maternal depressive symptoms and high genetic risk for psychopathology was different between the Asian cohorts in the two studies, and different between Asian and US cohorts within the study by Qiu et al. In the former, the difference could owe to the focus being in variation in a single gene , while the other one calculated genetic risk from multiple known risk loci (Qiu et al., 2017) . In any case, this discrepancy suggests that hippocampal or amygdala volumes alone should not be used to predict neurodevelopmental outcomes without knowledge of the genetic variants. Moreover, same single nucleotide polymorphisms (SNP) in certain genes may have opposing effects for risk of psychopathology in groups of different backgrounds (Domschke, Deckert, O'Donovan, & Glatt, 2007) , which was supported by the difference seen between Asian and US cohorts (Qiu et al., 2017) . Secondly, all effects in these two studies were on the right side of the brain, strongly suggesting a lateralization pattern.
Structural and functional lateralization of these subcortical areas is also seen in older subjects (Baas, Aleman, & Kahn, 2004; Carrion, Weems, & Reiss, 2007) . However, the lateralization patterns are poorly understood, and follow-up studies with behavioral measurements are crucial to further understand their practical implications. 
| Maternal mental health as a prenatal exposure: Anxiety and stress
The terms early life stress (ELS) and prenatal stress (PS) can have multiple meanings. Since there is no test or questionnaire for stress per se, each study defines its own markers for ELS and/or PS. Some studies use psychiatric questionnaires such as Edinburgh Postnatal Depression Scale and Symptom Checklist-90, the anxiety subscale (Karlsson et al., 2018) while others may also include somatic or biological measures such as nutrition and drug intake (Bock, Wainstock, Braun, & Segal, 2015) . Here we will discuss primarily anxiety-related measures.
A study by Qiu et al. (2013) found that prenatal maternal anxiety did not affect hippocampal volumes at birth but was associated with slower growth of bilateral hippocampi during the first 6 months of life.
Interestingly, postnatal anxiety correlated positively with right hippocampal growth between birth and 6 months of age after controlling for prenatal anxiety, and negatively with left hippocampal volume at 6 months of age (Qiu et al., 2013) . Similarly, previous studies have found probable developmental differences between the left and the right hippocampi, and these differences may well have functional implications (Bremner et al., 1997; Koolschijn, van Early life adversity, such as abuse or neglect, can lead to greater sensitivity to stress and increased risk for mental health problems in later life (Banyard, Williams, & Siegel, 2001; Heim, Shugart, Craighead, & Nemeroff, 2010) . Furthermore, a lot of research has focused on the intergenerational effects of childhood maltreatment (CM) (Berlin, Appleyard, & Dodge, 2011; Ertem, Leventhal, & Dobbs, 2000) , although pediatric neuroimaging studies on the topic are scarce. A recent study by Moog et al. (2018) examined the effects of maternal exposure to CM on total brain and GM volumes of their offspring at approximately one month of age. Infants with mothers exposed to CM had smaller intracranial and global GM volumes, suggesting that maternal exposure to CM has a direct intergenerational effect on infant neurodevelopment.
| Maternal obesity and malnutrition as prenatal exposures
Maternal obesity has become recognized as a factor affecting early brain development. A study by Ou et al. (2015) examined how maternal adiposity affects WM maturation in 2-week-old infants. Maternal fat percentage correlated negatively with FA values in anterior parts of the brain, suggesting poorer maturation in infants of obese mothers. Another study by Li et al. (2016) found that maternal obesity was associated with decreased functional connectivity in the prefrontal network, more specifically in the left and right dorsal anterior cingulate, although only the left side remained significant after controlling for covariates.
In the study by Ou et al. (2015) , the infants of normal-weight and obese mothers did not differ from each other in birth weight or other measures, suggesting that maternal adiposity can directly cause changes in the fetal brain. Distinguishing pre-and postnatal effects of maternal adiposity is of critical importance, as the social environment in postnatal life can also alter the development of the child. On a molecular level, epigenetic changes could cause the observed changes.
The study by Ou et al. also found that many genes related to central nervous system development were differently methylated in umbilical cord samples depending on maternal adiposity profile. However, epigenetic mechanisms are outside the scope of this review.
Contrasting obese mothers, children of underweight mothers have an increased risk to be small for GA (Black et al., 2013) . Some studies have found associations between LBW and poorer psychomotor development (Tofail et al., 2012) . Undernutrition can also accentuate the effects of other maternal diseases such as anemia (Patel et al., 2018) . Specific maternal nutritional deficits, such as vitamin D and vitamin B12 deficiencies, can also affect infant neurodevelopment (Hanieh et al., 2014; Lövblad et al., 1997) . The mechanisms behind the neurodevelopmental effects of these multiple nutritional deficiencies are outside the scope of this review.
| Proinflammatory states as prenatal exposures
Proinflammatory environment can result from multiple causes including the aforementioned obesity (Choi, Joseph, & Pilote, 2013) and malnutrition (Marques, Bjørke-Monsen, Teixeira, & Silverman, 2015) .
Other potential causes are PS (Marques et al., 2015) and maternal infections, such as the human immunodeficiency virus infection that can affect infant neurodevelopmental outcomes, even when the infant is uninfected (Tran et al., 2016; Wu et al., 2018) . Meanwhile, some pathogens primarily cause pathological outcomes through fetal infection, for example, Zika virus (Melo et al., 2016) . Infected infants are outside the scope of this review, and for the sake of conciseness maternal infections are not covered in more detail.
Maternal inflammation has been linked with increased risk of neuropsychiatric disorders (Estes & McAllister, 2016; Li et al., 2016) , however debate exists on what biological mechanisms are included in this process (Van der Burg et al., 2016) . One potentially important molecule is interleukin 6 (IL-6), a proinflammatory cytokine ( Van der Burg et al., 2016) . A study by Graham et al. (2018) examined the effects of maternal systemic IL-6 levels on the neonatal amygdalar volumes and functional connectivity as well as impulse control at 2 years of age.
Larger neonatal right amygdalar volume mediated the association between higher maternal IL-6 levels during pregnancy and poorer impulse control in the offspring at 2 years of age. This finding was compatible with previous findings (Tottenham et al., 2010; Vassilopoulou et al., 2013) . For future studies, we propose comprehensive examination of the different molecular components in inflammation, in both mothers and infants, to identify mechanisms linking maternal inflammation to fetal neurodevelopment. found that GA at scan, GA at birth, birth weight, and sex were the most important predictors of all brain volumes (GM, WM, CSF, and ICV). Jha et al. found these same four factors to be the most important predictors of total surface area (SA), with the difference that they used postnatal age at scan instead of GA at scan. For total CT, the most powerful predictors were postnatal age at MRI, paternal education, and maternal ethnicity. The most intriguing findings among these results are the opposing effects of age at birth and age at scan on different GM measures. Age at scan, whether gestational or postnatal, associated positively with GM volume, CT, and SA (Jha et al., 2018; Knickmeyer et al., 2016) . GA at birth associated positively with SA (Jha et al., 2018) but negatively with regional CT (Jha et al., 2018) and GM volume .
| Other maternal health and family characteristics
In the study by Jha et al. (2018) , paternal education was strongly negatively associated with infant CT. This finding is in line with the finding that children with higher intellectual capacity reach their peak CT later (Shaw et al., 2006) . On the other hand, another study by Betancourt et al. (2016) proxy for fetal iron supply in utero, was also measured in a subsample of 16 mother-infant dyads, and results were similar to those seen in the full sample. Low cord ferritin levels have previously been linked to poorer mental and psychomotor performance in children 5 years of age (Tamura et al., 2002) . Inverse correlation between maternal iron intake and FA in WM tracts found by Monk et al. (2016) is quite surprising. Iron is required for the synthesis of cholesterol and lipids in oligodendrocytes (Connor & Menzies, 1996) , meaning that increased iron intake should presumably accentuate WM maturation but the results by Monk et al. suggest the opposite. However, as developmental trajectories are so poorly understood, at the moment we cannot fully assess the compatibility of these seemingly opposite findings. In addition, there are multiple prenatal environmental exposures that can lead to adverse outcomes, for example, lead exposure (Horton, Margolis, Tang, & Wright, 2014) , and most likely some harmful substances are yet to be discovered.
| Key challenges
Interpreting the neuroimaging findings is difficult. In an ideal setting, exposures would be quantified from repeated psychological or laboratory measurements, augmented by in depth analysis of the placenta (Green et al., 2015; Vasung et al., 2018) , as well as both maternal and infant genetic information. Many of the reviewed studies were cross-sectional, which is not optimal considering developmental trajectories during the first years of life are still poorly understood. In the light of reviewed studies, one cannot simply assume that higher FA in WM always indicates "better" development from a single cross-sectional sample (Eikenes et al., 2012; Padilla et al., 2014) , as, for example, higher cognitive function may be associated with higher or lower CT depending on age (Shaw et al., 2006) . Similarly, thicker cortex or larger brain volume is not always better (Sowell et al., 2004) . Thus, longitudinal studies are required to better understand normal and abnormal developmental trajectories.
| POPULATION DESCRIPTION ANALYSIS
| Overview
We examined how prenatal factors were reported in a set of 67 studies on healthy, term infants between 0 and 2 years of age. Studies that only peripherally concern the topic were excluded, as the reporting in them differs significantly from studies on brain development;
for example, participant sex was reported in only 29/62 (47%) and age at birth as mean and standard deviation (SD) and/or as range in only 13/62 (21%) of the methodological articles found in our search. 
| Infant characteristics
We included infant sex, age at scan, age at birth, and birth weight in the analysis. One intriguing juxtaposition that rose from the findings was the reporting of age at scan as either (1) from conception (15/67 articles, 22%), or (2) from birth (34/67 articles, 51%). Brain likely develops differently before and after birth (Habas et al., 2012; Kapellou et al., 2006) . Therefore, the best option is to report both age from birth and from conception (9/67 articles, 13%), as it can help delineate effects of the age at birth. Overall, these basic characteristics were reported well in most studies, although we suggest they all should be reported in all future studies on the topic .
| Chemical exposures
PAE was reported in 7/67 (10%) studies, for example as the number of participants exposed, as average amount of alcohol per week, or during which trimester exposure happened. Prenatal smoking exposure was reported in 11/67 (16%) studies, for example as either number of exposed participants or average number of cigarettes per day.
Concerning illicit drug use, the 5/67 (7%) articles that reported the amount of drug use were mostly studies concerning either cocaine, methamphetamine, or prescribed methadone use. As polydrug use is common they also reported other used drugs to differentiate the effects of the drug in question. Exclusion criteria included PAE in 9/67 (13%), smoking in 5/67 (7%), and drug use in 16/67 (24%) studies. Some articles used "drug abuse" (or some other not unequivocal term) as a reason for exclusion, leaving undisclosed whether this includes alcohol and nicotine products, or only illicit drugs. They were categorized as "implied as a reason for exclusion" for alcohol and smoking. In summary, many studies did not report the use of alcohol, tobacco, or illicit drugs during pregnancy (Table 2) . To avoid unreliable results, prenatal exposure to any drugs of abuse should either be used as a reason for exclusion or examined in detail, for example, by reporting the number of users, the amount of substance used, and the number of trimesters with any exposure, as in Chang et al. (2016) . One study (May et al., 2013) compared the number of drinks used by mothers of children with different fetal alcohol spectrum disorders to mothers of normally developing controls with and without PAE. Children with fetal alcohol syndrome (FAS) were exposed to significantly larger amount of alcohol per week during pregnancy than controls.
When examining trimesters separately, the difference in daily alcohol consumption between FAS and controls with PAE groups was only significant in the second trimester. Similarly, the extent of prenatal smoking exposure can affect brain function (Holz et al., 2014) . Naturally, different substances cause different effects at different times during pregnancy; however, there is no reason to assume these basic principles of dose-and timing-dependency are not universal, naturally with some variation. Furthermore, objective measures (e.g., from urine samples) would be more reliable than self-report but are harder to acquire.
| Maternal characteristics
Maternal age is an important background factor. Maternal age of 35 years or more is associated with increased risk for adverse outcomes (Lamminpää, Vehviläinen-Julkunen, Gissler, & Heinonen, 2013; Kozuki et al., 2013) . Maternal adiposity status is another important background factor, and the poor reporting of maternal weight should be considered a major deficiency in current literature. Quite a few studies excluded mothers with major medical and/or psychiatric disorders. However, it is not obvious whether this exclusion does more good by excluding possible confounding factors, or harm by making the sample not comparable to general population. Finally, many obstetric factors may also affect early brain development and brain imaging results . For example, delivery method was only reported in 9/67 (13%) articles, although vaginal delivery significantly increases the risk of incidental subdural hemorrhages within the first days of life (Rooks et al., 2008) . However, obstetric factors are outside the scope of this review.
Socioeconomic status was most commonly measured using maternal education as a proxy, the second most common being household income. Seven articles reported Hollingshead Index of Social status which combines educational and occupational status of the parents to estimate their social status (Hollingshead, 1975) . Furthermore, some studies reported class, maternal intelligence quotient (IQ), or marital status. One surprising finding is the low frequency of marital status reporting (2/67 articles, 3%), as children from two-parent households have on average better developmental outcomes (Brown, 2010) .
Lower SES has been associated with lower GM volumes in several studies (Betancourt et al., 2016; Hanson et al., 2013; Jednoróg et al., 2012) , lower CT in prefrontal and anterior cingulate areas in school-age children and adolescents (Lawson, Duda, Avants, Wu, & Farah, 2013) , and one study has found indirect effects on prenatal growth and GA at birth, mediated by alcohol, smoking, and cocaine use (Janisse et al., 2014) . There is no clear consensus on the most useful SES measures, but we recommend reporting at least education and income, as they are the most commonly used measures and have been shown to have relevance (Betancourt et al., 2016; Hanson et al., 2013) .
Race and ethnicity were both reported in 5/67 (7%) articles. These articles used the categories Hispanic and non-Hispanic for ethnicity, and varying categories for race. Variability in used classifications complicates comparisons between studies. Differences between racial and ethnic groups have been found in feeding-related behavior (Perrin et al., 2014) , talking interactions (Cho, Holditch-Davis, & Belyea, 2007) , and marginally significant differences in brain volumes . Furthermore, same SNPs in certain genes have been associated with opposing neurobehavioral outcomes in groups of different ethnic background (Domschke et al., 2007) . Therefore, we conclude that reporting race/ethnicity is important.
| RECOMMENDATIONS FOR REPORTING OF BACKGROUND INFORMATION
Based on these observations, we suggest that all infant neuroimaging studies report age at MRI scan (both from birth and from conception),
GA at birth, sex, birth weight, maternal age, maternal weight status (BMI), race/ethnicity, and socioeconomic status, and either report Table 2 , results of the population description analysis (PDA). N = number of studies; SD = standard deviation; GA = gestational age; SES = socioeconomic status; IQ = intelligence quotient; BMI = body mass index. The category "SES measures" allows one article to fit multiple descriptions, as it describes all the metrics used to assess SES or a characteristic approximating it. All other characteristics were categorized such that every article only fits one description. The Scottish Index of Multiple Deprivation is an official government index used to identify areas of deprivation.
drug, alcohol, and tobacco use during pregnancy or mention them as exclusion criteria.
| CONCLUSION
In conclusion, this review highlights that infant neuroimaging studies regarding effects of prenatal factors are scarce, especially replication studies. We identified numerous shortcomings in current approach to population description in infant MRI studies and proposed a recommendation of the minimum background information that should be reported in future studies. This would hopefully lead to a more systematic approach to future studies, and therefore allow the neuroimaging field to move more swiftly toward reliable identification of biomarkers for both desired and undesired developmental outcomes.
Finally, we must point out that this review is not exhaustive, but we believe this comprises a methodologically comparable set of studies representative of the infant neuroimaging field at large and can be used to assess the shortcomings in population descriptions of recent studies and to highlight the importance of prenatal period to brain development. 
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